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A TR4C-PF1 ANALYSIS OF LOSS-OF-FLUID TEST L6-7/L9-2*

John K. Meier
Safety Code Development Group

Energy DiviBion
LOB Alamos National Laboratory

Los Alamos, NM 87545

The Los Alatnoe National Laboratory is developing the Transient Reactor

Analysis Code (TWC-PF1) to provide the capability for advanced best-estimate

predictions of postulated accidents in pressurized-water reactcrs (PWRS) and

for many thermal-hydraulic experimental facilities.

As part of OU: independent assessment of TiUC-PFl, we analyzed Losa-of-

FLuid Test (LOFT) L6-7/L9-2 and compared the test data to the calculated

results. Test L6-7 simulated a cooldown transient similar to the Arkansas

Nuclear One Unit-2 turbine-trip transient. During the L9-2 phase of the test,

the primary-coolant pumps were tripped and natural circulation cooled the core

w!lil the plant cooldown continued. The TRAC results matched the test data

well during the L6-7 portion of the transient (0.0-324 s). However, during the

L9-2 portion the calculated natural-circulation flow rate in the intact loop

was much higher than the measured rate,

Other ●r,alyste have encountered a sirnllar problem in their calculation

of this test, and they ●ttribute the deficiency to a difference between the

calculated and the actual value of the LOFT locked-rotor pump reslatance.

However, the test data exhibit a ❑ultidimensional fluid-temperature

distribution in the downcomnr ●nd imply ● multidimensional flow field in the

downcomer. We baliavc that tho temperature distribution raduces tile driving

head for natural circulation. This may have implications for pressurized

thermal-shock (PTS) tranoien~s in full-scale reactors.

The calculated vessel ●nd valve leakage ratee during natural circulation

hsvt large uneertaintie~. Aleo , aiqnificant uncertainties in the actual

ut,ady-state leakage rattis, which ware uegd ●n a banl~ for these calculations,

probablj compound thfi problem.

—.

*Thie work wae funded by the USNRCOffice of Nuclear Regulatory R~qearch,
Division of Accidant ,$nalyei-.
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The primar:’-sy~tem pressure comparison is the most significant. From

300-400 s, the system pressure was very serieitive to the amount of water

remaining in the pressurizer when the pumps tripped. After 500 s the system

preeeure was m?n~itive to the leakage rate In the reflood-ageist b)’pa9S valves

(RABVS) during the early portion of the transient. For a reaecnabl[ match

between the test and the calculated results, we decreased the RABV leakage rate

to 50% of the approximate values given by the Idaho Nationai Engineering

Laboratory (INEL). Otherwise, the compariecn between the test data and

calculated eystem pressure was good.

The analysis showed that very detailed noding is required in eeveral

locationa to avoid numerical diffusion of liquid energy in the slowly moving

liquid. It was important to calculate the cosrect distribution of energy in

the system to obtain the correct diatL’ibution of vaporizing fl~lid.

The grhdual system cooling during Teat L9-2 led to a phenomenon that

would not occur during a natural-circulation test at a conattint ~emperature.

During the later portion of the transier!t, the heat addition from the vessel

walls was greater than that from the core. The complex flow patterns thut

mrobably resulted frcm this phenomenon indicate that a three-dimensional vessel

mc~el may yield better results than the one-dimensional model used in these

calculations

An error in TIUIC-PFl was discovered that could result in an inaccurate

heat-transfer area on a tee side branch. The error w611 limitmd to eituntions

where an anml.us was involved (such as a downcorner or leakage flow p&th). The

error is corrected in ‘rKAC-PFl/MODl.

The calcul~ted utendy-state proeeure drops In the vessel were improved

nrevlouQsignificantly over one-dimensional analyeis of khe LOFT system. w?

accomplished this improvement by changing all the tee components Much that the

❑ain branch of the tee w-s used to model the main flow path.
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The details of the teat, analyeis and data comparisons are presented in

the following aectiong. There, we

● describe the test apparatus,

● describe the experiment and experimental phenomena,

● describe the TRAC Input,

● present and discuss the datb comparisons, and

. provide details of computer use.

Test Apparatus

The LOFT facility (shown in Fig. 1) is a 50-MW(t) FWR, detailed

descriptions of which may be found in Fefs. 1, 2, and 3. The description

presented here will be limited to the particular configuration of the facility

used for experiment L6-71L9-2, as well as specific details of the f~cility

particularly important to this experiment.

The reflood-assist bypass lines (RABL) were particularly imDortant in

. Test L6-71L9-2. Thess lines connect the brGken hot and cold legs of L’@.L’bFT

system through the FU.BV. These valves leak at a rate such that fluid in the

,,..4 ..,...,.,

Fig. 1.
LOFT facility diagram (Ref. 3).
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linee heats during steady state but only partially cools during the trensient.

This trapped hot fluid constitutes the ❑ajor aourct of 6iteam generation during

the latter part of Test L9-2.

The leakage paths in the vessel were very important during this test

because they influenced the flow fields and temperature distribution in the

ves8el.

The two most important ones were: (1) the gap between the downcomer

filler and pressure vessel in which we calculated the fluid to flow upward

during natural circulation and (2) th? leakage between the hot and cold legs

carrying 5X of the primary-system flow during pump operation and as much as 20%

of the system flow during natural circulation. In this test, ❑ ost of the

broken hot leg was removed and the werm-up recirculation llnes were closed.

Experimental Phenomena

A description of the important events and phenomena in these tests is

presented below. These events may be followed in the primary-system pressure

trace of Fig. 2. The experime,lt begins as the operator manipulates the steam-

generator ~econdary-side flow-control valve to give a predetermined rate of

steam flow. After the reactor is manually scrammed at 7 s, this rate of flow

cools the secondary-syst.em fluid and consequently the prirnary-system fluid.

The fluid in the primary ayetem ahrink~, drawing water out of the

pressurizer and lowering the pressure in the primary system. This situation

continues until the pressurizer almost empti?s and the primary-coolant pumps

trip.

Note that while the pump is running there Is small leakage through the

RABV, reeul~in8 in cooled fluid in the broken loop and R.ABL. Also, some fluid

in the upper head 1s cooled as a result of fluid movement in the upper plenum.

Ae the hot, saturated fluid In the preeaurizer in injected into the hot

leg, It mixes with the colder fluid in the system. Thereforep when ell the

fluid in Lhe pressurizer in injected, no saturated fluid in the primary system

remaine; fu:ther vaporization is precluded. This caueea the primary-system

preeeure to drop rapidly at around 300 m. Next, the flow rate in the intact

loop drope with the coastdown of the pumpo, resulting in ● greater temperature

difference acrocn the vaasel. This causes the temperature of the intact hot

leg to rice temporarily, with a remulting temporary rise in tlie primary-system
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Fig. 2.
Primary-system pressure.

pre88ure. This temperature difference eetablis~es natural circulation in the

intact loop that limits intact-loop h(!ating and eventually lowers the sj~tem

preesure a~ain at around 400 s.

The experiment data indicate that the natural-circulation patterns during

this time are very complicated. For Instance, thermocouples located in the

downcomer show it to be as hot au the core. The TI?ACcalculation suggests thl?

pre?ence of significant mass flow in the variouo leakage pat$e within the

vemoal. Aleo, 8 heat balancg acrooe the vessel indicates rhat veli over +alf

of the heat added to the fluid ptissing through the vessel is flum the metal

stfucture. Note that if the fluid temperature in the system as a whole were

not db:reaaing, the fluid hnd the structure would b- the scme temperature and

the vessel flow patt~rna ❑ight he much dlffelent. Tl~e system pressure

continues tu fall as the primary-system fluid cools; then, at 600 s, liquid in

the uppgr bead and then in the MBL atartm to vaporize, stabilizing the

preagure for the rast of the i.
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Description of TRAC Input

A component diagram of tile input description is presented in Fig9. 3

and 4.

The Inptit description uned for these analysee was derived from the one

used for the L9-1/L3-3 analyses. An important difference was that three of the

tees used to model the vessel were changed. The change was euch that the main

branch of the tee was ueed to model the muin flow path of the fluiu. In the

previous model, where the main flow path of the flu~d passed through the side

branch of the tee, the eteady-~tate pres3ure dro? was .seriougly overpredicted

because of the way the momentum source term 19 handled at a tee junction.

Another aignific%nt change was that the broken loop and RAbL were n>ded

much more finely. In the previous input description, only one or two volumes

were uBed to model each of these sections of piping. Cold water from the main

system, which slowly entered the broken loop due to RABV leakage, waa quickly

transported by numerical tiiffuaion throughout the brcken loop and RABI.. In tiie

actual teat, this colder fluid appeared to remain near the entrance to the
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broken loop. By using much finer noding, we minimized this numerical

diffu~ion. In the final deacriptjon, “ to 10 volumes were used to model each

of these components. Other changes from the L9-1/L3-3 ❑odel were that the

po~er-operated relief valve (PORV), the warm-up recirculation valves, and much

of the broken-loop hot leg were removed.

The error found in the heat-transfer area on the side branch of a tee is

:elated to the method used to model annuluses such as the downcorner anti I--tkage

fiow paths. In these eituatione, the heat-transfer area i~ much greater than

would be the case for a pipe with the same flow are6. In TWC a separate pipe

rudiu? la input to be used enly for he~t transfer. The error was that TMC was

not using this radium in the side branch of the tee to calculate the hedt-

trannfer area but was calculating a wall area based on the volume and length of

the tee-aide branch.

‘rO roneerve computer time, the particular input deacripti~n in these

~}halyses useo a one-dimensional vessel da,scription. The test data and the
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analytical reaulte together indicate that important three-dimensional effects

are preoent in the vessel , especially in the downcomer.

The primary boundary condition used in the analysis

the steam-generator eecondary-aide WASIcontrolled “by a

Use of a fill to match the steam-generator secondary-aide

considered but rejected baeed on the superior accuracy of

was that pressure in

time-dependent break.

outlet mass flow was

the pressure data.

The initial preaeurizer liquid level WPS fixed at the lowest value within

the error band of the experimental data.

Slmulatlc?i of the leakage paths within the vessel presented special

modeling problems. Because of the intricate geometry of these paths, they are

❑odeled empirical~y. That is, a parameter within the TRAC input description is

adjusted until TK4C calculations of the steady-state leakage rate match the

INEL-supplied data. The three changeable parameters are the flow area, the

hydraulic diameter, and the friction factor. A problem encountered in this

test was that the range of flow rates in theee leaktlge paths is many orders of

magnitude. Therefore, none of the above methods is likely to remain valid when

natural circulation drives the flows in the system. Furthermore, the direction

of the flow in several of the leakage oaths reverses under natural-circulation

conditions.

There is also come quesrion as to whether the epecified steady-~Late

value of leakage for the FLAWS is applicable to this particular test. The

calculation of Test L6-71L9-2 were significantly improved when the leakage

rate was halved.

In these teats, the one-dimensional veaael model presented a probiern

regarding the upper head. Because the uppsr head la modeled as a dead-end stub

of pipe, there la little circulation between it and the rest of the system

until it begins to flauh. In the experiment, there is actually a small degree

of circulation of fluid in the upper head due to jets of flutd from the upper
m

plenum, ●n additional indication of multidimensional behavior. ‘l’his

circulation lowers the temperature of the fluid in the upper head during the

first 400 s of Teet 1,6-7. To account for this temperature decrease in the

calculation~ the fluid in the upper head was aet mt a lower initial temperature

than recorded in the test data.
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?resientation a~d Discussion of Data Comparisons

The principal boundary condition used during this test was the pressure

in the steam-generntor secondary eide. This then determined the temperature in

the steam-generator secondary aide, which in turn determined the temperature at
.

the outlet of tha steaurgenerator primary side. Not surprisingly, we see in

Fig. 5 that the test and calculated results of the outlet temperature agree

well.

While the pump is running, rll of the temperatures in the flowing loop

easentlally equalize after the reactcr scrams. The intact-loop hot-leg

temperature presented in Fig. 6 is typical of these. During Test L6-7, the

experiment and the calculated results ~re the same.

The data comparisons of the fluid temperatures In the broken loop and

RABL were influenced strongly by the leakage rates thrcugh the RABV. The

results presented here in Fig. 7 were from a run where the leakage rate was

approximately 50X of the epec<fied one.
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The primary-system pressure is presented in Fig. 2. The test and

calculated results agree except in the 300-400-s interval. The sudden drop in

pressure at about ?n~ a occurs when the pressurizer empties of liquid and no

vaporizing liquid remains in the primary system

decrease. The slight increase in pressure chat

increase In temperature of fluid in the vessel and
.,

coolant pumps coast down. Why the test and the

not clear, as both the emptying of the pressurizer

to moderate che pressure

occurs next results from th.s

intact-loop hot leg when the

calculated results differ is
.

and the coastdowii of the

coolant pump occur at approximately the correct time in the calculation. It is

poaslble tha~ the difference could relate to the fluid in the pressurizer surge

line or to mixing in the upper plenum.

The relatively stable pressure after 600 s appears, at least partially, a

resu!.c of vaporization of fluids ~n the RABL an$ broken loop. In initial

calculations of this test using higher RAB? leakage rates, the early

temperature history In the RABLwas significantly rnderpredlcted. The primary-

oystem press~’re after 600 s alao was underpredicted. ‘hen ‘e ‘ou5h1y ‘etched
the temperature of the fluid in this loop by adjusting the leakag$ rates for

the RABVS, we obtained reasonably good agreement between the test and

calculated results. We believe vaporization of the high-temperature liquid In

the upper head and downcomer also helped stablize the system pressure. BeC&use

we could not match these temperature profiles with the one-dimensional model

used in this analysis, we could not determine their siunificances.

T~~rning our attention to the natural-circulation-dominated part of the

transient (Phase L,9-2), we clearly aee in Figs 8 that the calculated mass flow

in the Intatt-loop hot leg is much greater than In the test data,

Correspondinglyt we see that, whereas the calculated eteam-generator-outlet

(Fig. S) and intact-loop ~01d-1e8 (Fig. 9) temperatures tiiiit~h the test data,

the calculated intact-loop tu.t’’leg temperature (Fig, 6) ie much lower than the

teet data. When we examine Figfi. 10 and 11, we also eee that the measured

axial fluid-temperature distributions near the broken-loop cold-leg nozzle and

the intact-loop cold-leg nozzle, respt ;tively, in the downcomcr are far

different than those calculated in tile modti. as presented in Fig. 120 In fact,

the test data have an inverse temperature profile to that which we would

expecL, with ths hottest fluid at the top of the downcomer (~ stable thermal

●
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stratification). This is particularly surprising when one considers the small

distance between the intact-loop c~ld-leg inlet and downcomer Stalk 2. Also;

note that the temperature distributions measured by the two stalks are

consistent. /

A partial explanation for the inverse profile may be chat much of the

energy addeo to the fluid in the vessel is from the gap behind the t?owncoue~,

and the flow in this gap is from the bottom of the vessel to the top. Thus ,

the hot fluid from the gap is dunped into the top of the downcomer. Because

the TRAC model used in thf.s analy~is accounted for the downcomer gap flow and

still did not calculate the correct temperature profile, we beljeve three-

dimensional flow patterns and streaming of the cold f~uid from the Intact-1oop

cold leg also are responsible for the inverse temperature profile.

The actual flow profiles tn the downcomer are not known. It is probable

that they are much more complicated than those predicted by the one-dimensional

method used for this a~alysis. Another ~ignificant observation is that the

temperature profile in the downcomer is similar to that in the core and thus no
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natural-circulation driving potential ia provided by the vessel. We feel tb!~

at least partially ●xplains the difference be~ween the test and calculated

intnct-loop flow rdtee.

An analyaiu of L6-’l/L9-2 was performed using an alternate input

deecrlption in which the lacked-rotor reeistaf~ce of the pump had been increa~ed

by a factor of 10. As ?xpected, the intact-loop flow rate and temperature were

brought into line with the teat data; however, another LOFT test, L6-2

(Ref. 4.), indicates that the locked-rotor reeigtance is not substantially in

error. The primary-system pressure comparison was somewhat wor9e in the

alternate-case downcomer.

Computer Use

The TPAC calculation of L6-7/L9-2 were performed on a Control Data

Corporation 7600 computer, The steady state took 270f~ s of Central-Processlng-

Unit time; the transient took 8200 fi.
h
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